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• Diffractive dijet photoproduction at EIC can help constrain proton diffractive PDFs and 
measure novel nuclear diffractive PDFs and effect of nuclear shadowing. 

• In base EIC energy setting, our NLO pQCD approach predicts rates for    pT < 8 GeV, x𝛾 > 
0.5, |Δη| < 1.5, xP > 0.01, and zP > 0.4. 

• At EIC, the dijet photoproduction cross section is dominated by the direct photon 
contribution and gluon diffractive PDF. 

• This process can solve the problem of the mechanism/pattern of factorization breaking in 
diffractive DIS: global suppression vs. resolved-only. 

• For this, the most promising observable is x𝛾 dependence. To have wide coverage in x𝛾, 
one needs the highest Ep and/or large range in xP.



NLO QCD predictions for EIC
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Figure 2. NLO QCD cross sections for diffractive dijet photoproduction at the EIC in our default
set-up. Shown are distributions in the jet average transverse momentum (top left) as well as the
(observed) longitudinal momentum fractions of the photon (top right), the pomeron (bottom left)
and the partons in the pomeron (bottom right). In addition to the total cross section (full black) we
also show the contributions from gluons in the pomeron (dashed blue) and direct photons (dotted
green curves).

energies of pT1 > 5GeV (leading jet) and pT2 > 4.5GeV (subleading jet). This will,

however, require a good resolution of the hadronic jet energy scale and subtraction of the

underlying event. The latter will also be important to avoid large hadronization corrections

of the partons, which are particularly prominent at large xγ and have so far obscured the

interpretation of the observed factorization breaking. Note also that asymmetric jet pT cuts

allow one to avoid an enhanced sensitivity to soft radiation [46]. Rapidities are a priori

accepted in the range η1,2 ∈ [−4; 4]. We find, however, that in diffractive photoproduction

most jets are central and have an average rapidity η̄ = (η1 + η2)/2 ∈ [−1.5; 0]. This range

is enlarged to [−1.5; 1] at higher proton beam energy or for a larger range in xIP , see below.

3.1 NLO QCD predictions for the EIC

In figure 1 we show our NLO QCD cross sections for diffractive dijet photoproduction at

the EIC in this default set-up, i.e. at a CMS energy of 92GeV. The distribution in the
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• Main features: 
- pT = (pT1+pT2)/2 coverage up to 8 GeV 
- dominated by direct photon contribution, i.e. large x𝛾 > 0.5 → challenging to address 
factorization breaking 
- dominated by large xP and zP → probes mostly diffractive gluon density. 



QCD predictions for EIC: factorization breaking
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• Main features: 
- Most promising observable is x𝛾 dependence → need wide coverage and high 
precision since the cross section drops. 
- The rest of distributions differ mostly in normalization.
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Figure 8. Comparison of factorization breaking schemes in diffractive dijet photoproduction at the
EIC for collisions of electrons with energy 18GeV and protons of energy 275GeV. Shown are NLO
QCD predictions with a global suppression by a factor of 0.5 (full black), suppression of resolved-
photon contributions only by a factor of 0.34 (dotted green) and of an interpolated suppression
factor that depends on the type of parton in the photon and xγ (see text, dashed blue curves).

where i is the parton flavor, Aq = 0.37 and Ag = 0.19 for a hard resolution scale of

pT = 5GeV. Note that the model of eq. (3.3) assumes no factorization breaking in the

charm quark channel since NLO QCD describes well diffractive photoproduction of open

charm in ep scattering (see above).

As one can see from figure 8 (top right), the resolved-only and interpolated schemes

both lead indeed to a suppression at low xobs.γ that is twice as large as in the global sup-

pression scheme. At intermediate values of xobs.γ , the interpolated scheme is instead similar

to global suppression, while for the pointlike region it is again similar to the resolved-only

scheme. Since the distributions fall by two orders of magnitude from xobs.γ = 0.85 to 0.3, the

differential cross section must be represented on a logarithmic scale and measurements at

the EIC will require a high level of precision to distinguish between the different schemes.

This should indeed be possible with the planned luminosities up two orders of magnitude

larger than at HERA [49]. The shape of the p̄T distribution is also known to be sensitive

to different schemes of factorization breaking [24], and this is also true for the global and
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NLO QCD predictions for diffractive dijet 
photoproduction on nuclei at EIC
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Figure 9. NLO QCD cross sections for coherent diffractive dijet photoproduction eA → e′+2 jets+
X +A with various nuclear beams and a center-of-mass energy per nucleon of

√
S = 92GeV at the

EIC. The cross sections are shown as functions of the jet average transverse momentum (top left)
and rapidity difference (bottom left) as well as the longitudinal momentum fractions in the photon
(top right) and pomeron (bottom right).

5 Conclusion

To summarize, we have in this paper presented a first and extensive study of diffractive

dijet photoproduction at the recently approved EIC. Using our established formalism of

NLO QCD calculations, we have illuminated various aspects of this interesting scattering

process. We started by determining the cross sections to be expected in the most important

differential distributions as well as the size of the NLO corrections. We then discussed the

sensitivity to pomeron PDFs as a function of momentum fraction and resolution scale as

well as the contribution from the higher reggeon tractectory. One of our two main results

is that the EIC has the potential to address conclusively the mechanism of factorization

breaking, but that this will require a high proton beam energy and/or a large longitudi-

nal momentum transfer from the proton/nucleus to the pomeron. Then the question will

hopefully be answered whether and to what extent factorization breaking occurs globally

in photoproduction or whether only the resolved photon contribution or some of its compo-
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